Food is essential not only for the sustenance of life, but also for the maintenance of good health. However, contaminated or adulterated food is a major source of human illness, and results in a serious loss of nutrition. 1 Thus, the quality and safety of food assumes great significance in the promotion of optimum health. Toddy is one of the alcoholic drinks traditionally prepared by the fermentation of sap or exudate collected by slicing off the tip of unopened flowers of either a coconut or a palm tree. 2 It is a social and local drink produced and consumed throughout Asia, particularly India, Sri Lanka and Bangladesh. Due to the increase in consumer demand and the shortage of coconut or palm tree, it has often been diluted and adulterated with chemical substances, such as chloral hydrate (CHL), diazepam (DIA) or alprazolam (ALP) belonging to nonbarbiturates and benzodiazepines, respectively. 3,4 These drugs are generally considered to be dangerous when consumed along with alcohol, and have proved to be fatal poisonings according to the recent analysis of forensic toxicological investigations conducted by Koski et al. 5 Further, it was reported that female drinkers are at increased risk to abuse benzodiazepines when compared to men. 6 A case of alprazolam poisoning present with coma and respiratory depression in a young girl was also reported. 7 These psycotropic substances have a sedative action and are added illicitly to toddy to increase its potency. The adulterated toddy is prohibited for consumption under the laws of excise, which necessitates the development of suitable analytical methods for the simultaneous detection and determination of the levels of psycotropic substances in fermented food and alcoholic beverages.
12
Due to its widespread potential for human exposure, US FDA has declared CHL as a priority chemical for an in-depth toxicological evaluation. As a part of this program, a capillary gas chromatography with electron-capture detection was developed for the determination of CHL and its metabolites in blood plasma of mice and rats. 13 Two liquid-chromatographic methods based on reversed-phase and anion-exchange mechanisms were also reported in the literature. 14 However, both of the methods are preceeded by the derivatization of CHL with dansylhydrazine and o-(4-nitrobenzyl)hydroxylamine, followed by detection using UV and suppressed conductivity detectors. A spot test using Dragendorffs reagent containing bismuth nitrate and potassium iodide in an acetic acid medium produces an orange-red color, indicating the presence of DIA. 15 The colorimetric determination of DIA in pharmaceutical preparations was described by Baggi et al. 16 However, these tests are not specific because similar colors are produced by a number of organic compounds containing halogens. Squarewave voltammetric studies at hanging mercury drop electrodes for the determination of 1,4-benzodiazepines over a wide range of concentrations have been conducted. 17 Husain et al. have studied the differential pulse polarograms of CHL and DIA in 0.1 M KCl in 50% ethanol as a supporting electrolyte, and tried to estimate their levels quantitatively in toddy. 18 A micellar liquid chromatographic procedure for the determination of benzodiazepines in serum has been reported. 19 Beaulieu et al. have developed a liquid-chromatographic method using a cyano column to determine ALP and its related substances in bulk drugs. 20 LC-ESI-MS and LC-MS-MS for determination of benzodiazepines in hair and plasma samples of psychiatric patients were used extensively.
reported. 23, 24 A gas chromatography coupled with ion trap tandem mass spectrometry was used to determine 22 benzodiazepines in biological matrices. 25 A thorough literature search has revealed that methods for the simultaneous detection of CHL, DIA and ALP either in toddy or fermented foods have not been reported. In the present paper, we describe a simple, rapid and reliable reversed-phase HPLC method for simultaneous separation, identification and determination of CHL, DIA and ALP in fermented alcoholic beverages of toddy using a C18 column with water-methanol-acetic acid (35:65:0.1 v/v/v) as a mobile solvent and a photo-diode array detector at 210 nm at ambient temperature.
Experimental

Materials and reagents
All reagents were of analytical-grade unless stated otherwise. Glass-distilled water was deionized using a Nanopure II D 3700 cartridge (Barnsted, USA).
HPLC-grade methanol (Spectrochem, Mumbai, India) was used. ALP, CHL and DIA (BDH, Poole, UK) were used as reference standards.
Apparatus
A high-performance liquid chromatograph (Shimadzu, Kyoto, Japan) with a 20 µl loop, LC-10Atvp pump, SPD-10Avp UVVisible spectrophotometric detector and SCL-10Avp system controller was used. A Symmetry C18 column (25 cm × 4.0 mm i.d.; particle size, 5 µm) was used for separation. The chromatograms and the integrated data were recorded with an Intel Pentium III HP-computer system.
Chromatographic conditions
The mobile phase was water-methanol-acetic acid (35:65:0.1 v/v/v). The analysis was carried out under isocratic conditions at a flow rate of 1 ml/min at room temperature (27˚C).
Chromatograms were recorded at 210 nm.
Analytical procedure
Samples of toddy were filtered through a 0.45 micron aqueous nylon membrane and 20 µl of the filtrate was injected onto the chromatograph. Synthetic mixtures containing ALP, CHL and DIA and the samples were analyzed under identical conditions. The presence of ALP, CHL and DIA was determined by comparing the retention times with that of the standards and their quantities were estimated from the areas of the respective peaks.
Results and Discussion
The chemical structures of ALP, CHL and DIA are shown in Fig. 1 . The present study was aimed at developing of a simple and rapid chromatographic system capable of eluting, resolving and detecting ALP, CHL and DIA in adulterated traditional alcoholic drink such as toddy. In our preliminary experiments, the three substances were subjected to separation by RP-HPLC on a Symmetry C18 column with methanol-water-acetic acid as an eluent. To determine the optimum separation conditions for a synthetic mixture containing ALP, CHL and DIA, the influence of the separation parameters, such as the concentration of methanol and acetic acid in the eluent on their retention, was studied. Methanol was used as an organic modifier of the mobile phase. The dependence of the retention factor (k′) of the compounds under investigation on the content of methanol and acetic acid is shown in Fig. 2 . When the concentration of methanol was 65% and acetic acid 0.1%, all of the compounds were eluted and separated from one another. Figure 3 shows the HPLC chromatogram of a synthetic mixture containing CHL, ALP and DIA eluted at 4.65, 7.12 and 11.22 min, respectively. It can be seen from Fig. 3 that the compounds were well separated (Rs(CHL/ALP) 2.74 and Rs(ALP/DIA) 4.31) under the conditions used. The peaks were identified by injecting individual authentic compounds. The peaks were resolved with excellent symmetry and reproducibility. In another attempt, a more-polar solvent, like acetonitrile, was tried instead of methanol. The peaks were eluted at 3.31, 4.32 and 6.38 min, corresponding to CHL, ALP and DIA, respectively. However, it was found that the resolutions were comparatively less (Rs(CHL/ALP) 2.02 and Rs(ALP/DIA) 2.57), therefore methanol was chosen as one of the chief components of the mobile phase. Further, the effect of the temperature on the retention behavior of the compounds under study was also evaluated at 40 and 50˚C. As the column temperature was increased from ambient conditions, the compounds were found to be less retained on the column with a significant loss in resolution between the peaks. Thus, the ambient conditions were found to be more suitable for the present study. Standard mixtures containing known amounts of ALP, CHL and DIA were prepared and analyzed by HPLC. The accuracy of the method was determined by the standard addition technique. The subsequent addition of small amounts of the analytes was accurately reflected in their peak areas. The measured amounts agreed well with the actual values within 2.97%. Known amounts of ALP, CHL and DIA were added to toddy to yield concentrations in the range of 0.01 -1.0 mg/ml and used for calibration. The linearity between the mass and the integral responses was found to be quite good. The standard curves for ALP, CHL and DIA were found to be linear with regression coefficients (r 2 ) of 0.9935, 0.9958 and 0.9974, respectively. The precision of the analysis was assessed by five replicate analyses of toddy containing ALP, CHL and DIA in the concentration range of 0.01 -1.0 mg/ml. The variations were then calculated. The response of a series of five injections of 10 µg of ALP, CHL and DIA in toddy resulted in a relative standard deviation in the ranges of 2.5 -3.6 and 2.4 -3.9 for the retention time (tR) and peak area (ip), respectively. When the UV detector was set at 0.005 AUFS the limits of detection for ALP, CHL and DIA with a signal to noise ratio of 4.0 were determined to be 0.8, 4.5 and 0.4 µg, respectively.
The quality of toddy samples suspected to be adulterated with ALP, CHL and DIA were thoroughly analyzed by HPLC. The typical chromatograms of samples containing ALP, CHL and DIA are shown in Fig. 4 . The presence of the adulterants in the referred samples has been confirmed not only by comparisons of retention times with those of standards, but also by on-line UV spectra obtained by PDA. Alternatively, eluent fractions corresponding to the three peaks were collected, enriched and subjected to elctrospray ionization-mass spectrometry (ESI-MS) for further confirmation. The molecular ions of 163, 308 and 284 have indicated the presence of CHL, ALP and DIA, respectively. Thus, ALP, CHL and DIA were found to be present in some of the toddy samples analyzed by HPLC. However, the degree of adulteration varied significantly. The relative response factors were determined and used to quantify the levels of adulterants in different samples of toddy. Nearly 200 samples collected by the prohibition and excise authorities have been analyzed by the proposed method. About 120 samples were found to be adulterated with the psycotropic substances studied in the present investigation. A bar diagram showing the percentage of adulteration with ALP, CHL and DIA is shown in Fig. 5 .
In conclusion, the proposed HPLC method for detecting APL, CHL and DIA in adulterated samples of toddy is simple, rapid and easily adaptable for quantitative determinations. It may be used as an alternative to the spot tests that are currently being used to detect the adulterants qualitatively. It is reliable and convenient not only for quality assurance, but also forensic investigations. 
